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A comparison of diurnal resting sites used by Sylvilagus audubonii
and Lepus californicus in the Chihuahuan Desert
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ABSTRACT.—Sylvilagus audubonii (desert cottontail) and Lepus californicus (black-tailed jackrabbit) occur in sympatry
in the southwestern United States and northern Mexico. During the daytime, both species occupy shallow excavations
under shrubs known as forms. Comparisons of form and shrub characteristics between the 2 species can provide
insights into connections between body size, physiology, and behavior. I examined forms of the 2 species in the Chihuahuan Desert in southern New Mexico, USA, from 2014 to 2016. In response to temperature, S. audubonii varied the
structure of its forms and dug burrows, whereas L. californicus did not. Sylvilagus audubonii forms were most commonly located in the centers of patches of shrubs, whereas L. californicus forms were most commonly on the edges of
patches. Overhead canopy depth and exposure to direct sunlight were not different between the 2 species, but canopy
heights were less at S. audubonii forms than at L. californicus forms. Sylvilagus audubonii individuals were less visible
to predators than L. californicus individuals at predator eye level in all directions, and the horizontal extent of canopies
was greater at S. audubonii forms than at L. californicus forms in all directions except to the left side. An asymmetry was
evident in the exposure of S. audubonii to predators, which may be the result of brain lateralization. Although distance
to nearest neighbor shrubs was not different between the 2 species, open space around L. californicus forms was greater
than around S. audubonii forms. Lepus californicus forms were located under Larrea tridentata in proportion to its availability and more often than forms of S. audubonii, which were located under L. tridentata less often than it was available.
These observations are consistent with concordant ensembles of adaptations in which S. audubonii is smaller, more
sensitive to heat, and more inclined to hide rather than run from predators in comparison with L. californicus.
RESUMEN.—El conejo del desierto (Sylvilagus audubonii) y la liebre de cola negra (Lepus californicus) conviven
en simpatría en el suroeste de los Estados Unidos y el norte de México. Durante el día, ambas especies permanecen en
excavaciones poco profundas debajo de arbustos, conocidas como “formas”. En ambas especies, comparar las características de las “formas” y arbustos que las protegen puede proveer información acerca de la relacion entre el tamaño del
cuerpo, la fisiología y el comportamiento. Entre los años 2014 y 2016, examiné las “formas” de las dos especies en el
Desierto de Chihuahua, al sur de Nuevo México, E.U. En respuesta a la temperatura, S. audubonii modificó la estructura de sus “formas” y madrigueras. L. californicus no modificó ninguna de las dos. Las “formas” que ocupó S. audubonii
se encontraron con mayor frecuencia en la parte central de los parches de arbustos, mientras que las “formas” de L. californicus se ubicaron con mayor frecuencia en los extremos de los parches. En general, la profundidad del dosel y la
exposición directa a la luz solar no difirieron entre las dos especies, pero la altura del dosel fue menor en las “formas” de
S. audubonii que en las de L. californicus. Las “formas” de S. audubonii fueron menos visibles para los depredadores
que las de L. californicus, cuya altura se registró a nivel de los ojos del depredador en todas las direcciones. La extensión
horizontal de los doseles fue mayor en las “formas” de S. audubonii que en las formas de L. californicus en todas las
direcciones, excepto del lado izquierdo. La exposición de S. audubonii a los depredadores fue asimétrica, lo que podría
ser el resultado de una lateralización cerebral. Aunque la distancia a los arbustos vecinos más cercanos no difirió entre
las dos especies, el espacio abierto en torno a las “formas” de L. californicus fue mayor que en el de las “formas” de
S. audubonii. Las “formas” de L. californicus se encontraron debajo del arbusto Larrea tridentata en proporción a su
disponibilidad, y con mayor frecuencia que las “formas” de S. audubonii, que se encontraron debajo de L. tridentata
con menor frecuencia que la disponible. Estas observaciones son consistentes con el conjunto de adaptaciones que presenta S. audubonii al ser más pequeño, sensible al calor y proclive a esconderse de los depredadores en comparación
con la L. californicus.

Many animals reside in refugia for a large
portion of the daily 24-h period. Refugia encompass many different types of structures, including burrows, trees, caves, thickets, buildings,

rocky slopes, water, and ocean depths. In
choosing a particular microsite, animals may
need to weigh a set of potentially conflicting
factors, such as exposure to predation, intra-
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and interspecific competition, escape strategy
and availability of escape routes, distance to
food resources, thermoregulation, and conservation of energy (Camp et al. 2013). Examination of factors affecting site selection can provide insights into connections between body
size, physiology, behavior, and ecological and
behavioral niches (Krebs 1985, Molles 2010).
Such connections can be revealed particularly
well by investigating the bases of differential
site selection between species which are otherwise similar in many aspects, such as hares
and rabbits.
Hares and rabbits are members of the
order Lagomorpha. Both occur worldwide and
have similar body morphology and overlapping diets, habitats, reproductive patterns,
and predators (Stott 2003, Katona et al. 2004,
Chapman and Flux 2008). Hares and rabbits
are distinct in that while all lagomorphs are
adapted to flee from predators, hares usually
attempt to outrun their predators, whereas
rabbits run to cover or burrows. Also, sympatric hares and rabbits may have differing
physiological adaptations to climate (Hinds
1970), and hares generally do not create burrows (but see Costa et al. 1976), whereas rabbits do (Orr 1940, Lockley 1964). Given that
the primary function of refugia is to provide
protection from predators and environmental
extremes, these differences suggest that differences of escape behavior and physiology may
underlie differences of refugium microsite
selection between hares and rabbits. Furthermore, examination of selection compromises
made by hares and rabbits, namely, how they
choose between protection from predators and
protection from the environment in their selection of refugia, may deepen our understanding
of their adaptations to their habitats.
In the American Southwest and northern
Mexico, desert cottontail rabbits (Sylvilagus
audubonii, hereafter cottontails) and black-tailed
jackrabbit hares (Lepus californicus, hereafter
jackrabbits) occur in sympatry and, during the
daytime, occupy shallow excavations under
vegetation known as forms or couches (Orr
1940, Best 1996, Brown and Krausman 2003).
By occupying forms, these leporids achieve
various degrees of moderation of ambient conditions such as temperature, insolation, and
wind, as well as protection from predators
(Flinders and Elliott 1979 as cited in Best
1996, Althoff et al. 1997, Faulhaber et al.
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2008). The potential for competition between
jackrabbits and cottontails was suggested by
Leach et al. (2015), but potential form sites
under shrubs are very abundant in both the
Sonoran and Chihuahuan deserts. Both interand intraspecific competition for form sites are
unlikely. The suites of species preying upon
cottontails and jackrabbits are similar (Chapman et al. 1982, Flinders and Chapman 2003),
and both species will run from predators. Like
rabbits and hares elsewhere, cottontails usually run into dense cover, whereas jackrabbits
run continuously through open spaces (Orr
1940). Jackrabbits are more tolerant of heat
than cottontails (Hinds 1970). Thus, factors
exist which vary between the 2 species and
may result in differential selection of form
structure and location.
The only previous direct comparison of the
use of forms by cottontails and jackrabbits
within the same study was that of Brown and
Krausman (2003). In their study area in the
Sonoran Desert during summer, cottontails
and jackrabbits selected microsites that were
different in some respects: cottontails used
dense vegetation that was closer to the ground
more often than did jackrabbits, and jackrabbits selected sites with more mesquite
(Prosopis spp.) and creosote bush (Larrea tridentata) than did cottontails. Brown and Krausman (2003) suggested that these differences
may result from the smaller size of cottontails
(approximately 900 g; Chapman and Willner
1978) compared with jackrabbits (approximately 2500 g; Best 1996), or of differences in
escape behavior. Brown and Krausman (2003)
did not consider physiological differences.
My objective was to deepen understanding
of the interconnected bases of the behavior of
cottontails and jackrabbits in the Chihuahuan Desert by comparing microsite characteristics of forms used by the 2 species in
light of their known behavioral and physiological differences. I hypothesize that physiology
and escape behavior will be concordant and
not in opposition in microsite selection by
each species. From data taken at forms occupied by radiocollared and uncollared cottontails and jackrabbits, I analyzed plant species
occurrence at microhabitat and macrohabitat
scales, canopy coverage, height of canopy,
exposure to sunlight and predators, distance
to nearest neighbor shrubs, and size and orientation of forms.
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STUDY AREA
I conducted the study in the Chihuahuan
Desert on a 510-ha portion of the 142,000-ha
Armendaris Ranch, a private bison (Bison
bison) and hunting ranch in Sierra and Socorro
counties in south central New Mexico, USA
(33°10.81N, 107°6.58W). Habitat within the
study area was classified by Dick-Peddie
(1993) as desert grassland mixed with Chihuahuan desert scrub. The habitat was dominated by Bouteloua eriopoda (black grama
grass) and shrubs Larrea tridentata (creosote
bush), Prosopis glandulosa (honey mesquite),
Ephedra trifurca (longleaf jointfir), Flourensia
cernua (tarbush), and Rhus microphyllum
(little-leaf sumac). Topography was flat and
elevations were between 1300 and 1500 m.
Annual precipitation falls mostly in summer
and autumn and averaged 28.8 cm from 1984
to 2012 (WRCC 2017). Snow occurred only
in trace amounts. Annual average minimum
and maximum temperatures were 7.8 °C and
25.0 °C, respectively, from 1984 to 2012. Average maximum temperatures occur in June,
July, and August (ca. 35 °C), and minimum
temperatures occur in January (ca. −3 °C;
WRCC 2017). Locally common predators of
adult leporids were coyotes (Canis latrans),
bobcats (Lynx rufus), and raptors, including
Red-tailed Hawks (Buteo jamaicensis). Gray
foxes (Urocyon cinereoargenteus) and Greathorned Owls (Bubo virginianus) were present
but uncommon.
METHODS
Trapping was conducted every other week
from April 2015 to March 2016. Trapping was
not conducted continuously during this period,
but rather was conducted to maintain the number of radiocollared individuals at ≥6 individuals of each species by replacing those which
had died or disappeared. Leporids were trapped
in 82 × 27 × 32-cm single-door cage traps
(Tomahawk Live Trap, Hazelhurst, WI) baited
with alfalfa hay and apple juice (Harrison in
press) and placed beneath shrubs for thermal
protection. I sedated captured animals with a
0.2mL/kg injection of 8mg/kg ketamine, 0.05
mg/kg dexdomitor, and 1 mg/kg medasolam
into thigh muscle. Injection concentrations
were the same for both species and sexes. I
measured weight, circumference of neck and
chest, and length of ear, hind foot, and body

plus tail. Jackrabbits and cottontails were fitted with Advanced Telemetry Systems (Isanti,
MN) model M1565 and model M1550 radiocollars, respectively, and released at their capture sites. Animal handling procedures were
approved by the University of New Mexico
Institutional Animal Care and Use Committee, protocol 16-200361-MC, and the New
Mexico Department of Game and Fish Authorization for Taking Protected Wildlife for Scientific Purposes, authorization number 3381.
I observed forms of uncollared leporids
every other week from July 2014 to August
2016 and radiocollared leporids from April
2015 to August 2016. I located forms by homing in on radiocollared cottontails and jackrabbits and by observing uncollared leporids
flushed haphazardly from their forms. I did
not measure forms in which no leporid had
been observed. Because leporid activity during daytime is minimal (Harrison in press), I
located each radiocollared leporid only once
per day during daytime. I varied the daily
schedule of homing between days in order to
observe each radiocollared leporid during different times of day. At each form I recorded
the plant species present; time of observation;
length, depth, and width of the form; compass
orientation of the form; heights of the bottom
and top of the canopy over the form; extent of
the canopy to the front, right, rear, and left
of the form; distance from the form to the
nearest neighbor shrub to the front, right, rear,
and left of the form; and horizontal coverage
of each plant species within 20 m to the front,
right, rear, and left of the form. Directions
were determined by the orientation of the leporid. I conducted measurements at each form
as soon as possible after the leporid had left.
Using plastic models of a cottontail and a
jackrabbit created for taxidermy (Research
Mannikins, Lebanon, OR) and marked with a
full-body grid of 1-cm2 squares (hereafter
model cells), I determined the percentage of
the body exposed to direct sunlight, as well as
the percentage of the body visible to a potential predator with eyes at a height of 20 cm
from the ground at either one-half the distance to the nearest neighbor shrub or 5 m,
whichever was less, to the front, right, rear,
and left of the form. The height of 20 cm represents the eye level of coyotes and bobcats,
the most common nonaerial predators of adult
leporids in the study area. Heights of leporid
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models were as follows: cottontail back 10.5 cm,
head 11.7 cm, ears 19.0 cm; jackrabbit head,
back, and ears 13.6 cm. Ears of the cottontail
model were erect, whereas those of the jackrabbit model were laid along the back, which
were the same orientations presented when
I observed leporids in forms.
I eliminated juveniles from body size
comparisons (cottontails < 650 g, jackrabbits
< 2200 g), then used Mann–Whitney tests
(Zar 1984) to compare male and female dimensions. I used t tests to compare form average
length, width, depth, and volume (L × W ×
D) between categories of leporids (M vs. F,
cottontail vs. jackrabbit). I combined male and
female data for seasonal charts of form dimensions. I combined all form measurements
within a calendar month into a single month
and did not make comparisons between years.
I designated sites in which leporids were
found resting without having dug a form as
zero-depth forms. I compared the number of
zero-depth forms between male and female
cottontails with a Mann–Whitney test (Zar
1984). I analyzed form compass orientation
graphically, combining north, northeast, east,
and southeast orientations, and northwest,
west, southwest, and south orientations into
the 2 categories east and west, respectively.
I compared heights of the bottoms and tops of
canopies and depths of canopies over forms
between cottontails and jackrabbits using t
tests. I also compared depths of canopies (top–
bottom height) between males and females of
both species using t tests.
I used single factor ANOVA followed by
Tukey tests for pairwise comparisons within
each species to compare extents of shrub
canopies to the left, front, right, and rear of
forms, and to compare the distance from
forms to the nearest neighbor shrub to the
left, front, right, and rear of forms. For comparisons between cottontails and jackrabbits,
I used t tests to compare extents of shrub
canopies to the left, front, right, and rear of
forms; to compare the distance from forms to
the nearest neighbor shrub to the left, front,
right, and rear of forms; to compare the percentages of models exposed to direct sunlight;
and to compare the percentages of models
visible to the left, front, right, and rear of
models. Prior to analysis, I also arcsin-transformed percentages of cottontail and jackrabbit models visible to the left, front, right,
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and rear of models and percentages of models
exposed to direct sunlight.
To generate a measure of the size of the
open area between the canopy over a form
and the perimeter defined by the nearest
neighbor shrubs, I averaged the extent of the
canopy in the 4 directions and averaged the
nearest neighbor distance in the 4 directions
to obtain average radii for the canopy and the
nearest neighbor shrubs, respectively. I then
used the average radii to calculate estimates of
the area under the canopy and within the
nearest neighbor shrub perimeter. The difference between these estimates is a measure of
the open space surrounding a form. I used a
median test (Zar 1984) to compare the median
open area surrounding forms between cottontails and jackrabbits.
To assess overall vegetation coverage in the
study area, I measured the horizontal cover of
shrubs, grass, and barren ground along 39 line
transects of 100 m, each placed randomly
throughout the study area. Transects were
parallel and separated by >100 m (i.e., did not
intersect). Shrub species which occurred at
>3% of forms for both leporid species were
included in the analysis as individual shrub
species. These included L. tridentata, P. glandulosa, R. microphyllum, E. trifurca, F. cernua,
and Atriplex canescens (four-wing saltbush).
Clumps of grasses were present at >3% of
forms for both leporid species, but grasses
were not identified to species. Shrub species
which did not occur at >3% were combined
into the single category “Combined.” The latter shrubs included Fallugia paradoxa (Apache
plume), Juniperus monosperma (oneseed juniper), Ziziphus obtusifolia (lotebush), Lycium
pallidum (pale wolfberry), Parthenium incanum
(mariola), Gutierrezia sarothrae (broom snakeweed), Salsola kali (Russian thistle), Salix sp.
(willow), Opuntia sp. (prickly pear cactus),
Yucca sp. (yucca), and Dalea formosa (indigobush).
To compare the distributions of shrub species under which forms were located between
cottontails and jackrabbits, and between each
species individually and the study area, I used
chi-square analyses followed by subdivision of
shrub categories with the Bonferroni adjustment to a. To compare shrub species coverage
in the vicinity of forms within the overall
study area, I combined measurements of shrub
species composition in the vicinity of forms
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into 0–10 m, 10–20 m, and 0–20 m categories
and analyzed the results with compositional
analysis (Aebischer et al. 1993). I then used
t tests for comparisons of individual shrub
species between coverage at forms and in the
study area (Aebischer et al. 1993).
Statistical significance level was a = 0.05
for all tests except portions of the chi-square
analyses of the distributions of shrub species
under which forms were located, for which
the Bonferroni adjustment was applied.
RESULTS
I captured 25 cottontails (10 F, 15 M) a total
of 31 times and 11 jackrabbits (9 F, 2 M) a total
of 11 times (with no jackrabbits recaptured) in
899 trap-nights. I radiocollared 20 cottontails
(8 F, 12 M) and 6 jackrabbits (4 F, 2 M), and
located 405 forms, including 167 cottontail
forms (n = 66 forms with radiocollared females,
n = 86 forms with radiocollared males, n = 15
forms with uncollared cottontails) and 238
jackrabbit forms (n = 144 forms with radiocollared females, n = 25 forms with radiocollared males, n = 69 forms with uncollared
jackrabbits). Female cottontails weighed more
than males, but no other body dimensions were
different between cottontail sexes (Table 1).
Sample size of male jackrabbits was insufficient for body size comparisons (Table 2).
The average width and volume of male cottontail forms were greater than those of female
cottontails (Table 1). Sizes of jackrabbit forms
were not different between males and females
(Table 2). Jackrabbit forms were larger than
cottontail forms in all dimensions (t > 4.151,
ν = 276, P < 0.001 for all tests). Monthly distributions of form length and width varied
little annually. However, cottontail form depth
peaked during summer (Fig. 1). Consequently,
cottontail form volume also peaked during
summer. This pattern was less pronounced in
jackrabbits (Fig. 2). Zero-depth forms comprised 37.1% and 13.9% of all cottontail and
jackrabbit forms observed, respectively. Monthly
numbers of cottontail zero-depth forms peaked
during winter months, but no pattern was
observed for jackrabbits (Fig. 3). The monthly
numbers of male and female zero-depth forms
were not different between male and female
cottontails (U = U = 72, N = 24, P > 0.2).
Monthly numbers of jackrabbit zero-depth
forms were not adequate for analysis.

Only cottontails were observed to utilize
burrows (i.e., holes in the ground) for daytime
resting sites. Burrows (N = 12) were observed
only during the period 27 June to 9 August
2016. Use of burrows in June and July 2016
corresponded to maximum temperatures above
38 °C. In August 2016, use of burrows occurred
at a maximum temperature of 37 °C, but this
peak followed a week of unusually low maximum temperatures. Collection of form data in
2015 did not correspond to peak temperatures
above 38 °C, except on 28 July and 29 July,
when 3 cottontail forms were found without
burrows. Average diameter was 14.7 cm and
average depth was 47.0 cm (N = 8 different
burrows). No jackrabbits were observed to dig
burrows. The maximum temperature during
periods of observation was 41 °C.
Cottontail forms were primarily located in
the centers of patches of shrubs (Fig. 4). When
forms were located at the peripheries of shrub
patches, there was no obvious preference for
western or eastern orientations before 12:00,
but after 12:00 more forms were found on the
eastern sides of shrubs. The percentage of
jackrabbit forms found in the centers of shrub
patches was small relative to the percentage of
those found on the peripheries (Fig. 5). Jackrabbit forms were found primarily on the
western peripheries of shrubs prior to 11:00,
but were found primarily on the eastern
peripheries from 11:00 to 16:00 (Fig. 5).
Both cottontails and jackrabbits reused
forms. Of 95 different observed forms used
by radiocollared cottontails, 30 were reoccupied by the same cottontail 1–9 times
(median 1) over periods ranging from 2 to
105 d (median 13.5 d). Similarly, of 92 different observed forms used by radiocollared
jackrabbits, 33 were reoccupied by the same
jackrabbit 1–10 times (median 1) over periods ranging from 2–96 d (median 14 d). The
average length in days of the period over
which forms were reoccupied was not different between cottontails and jackrabbits (ν =
61, t = 0.286, P > 0.50). Form reuse by cottontails peaked in December and February,
while form reuse by jackrabbits peaked in
March and April. Neither species was ever
observed to occupy a form previously occupied by the other species. Also, no cottontail
forms and only 4 of 238 jackrabbit forms
were ever occupied by 2 different cottontails
or jackrabbits, respectively.
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TABLE 1. Body dimensions and characteristics of forms of Sylvilagus audubonii (desert cottontail) in the Chihuahuan
Desert, New Mexico, 2015–2016. Category “All” includes radiocollared females and males, as well as uncollared
S. audubonii of unknown sex. All measurements are in centimeters except for weights.
n
x–
SD
F vs. M
Weight (g)
Total length
Ear length
Hind foot length
Neck circumference
Chest circumference
Form length

Form width

Form depth
Form volume (cm3)

Height of canopy
Depth of canopy

Extent of canopy
over form

Distance from form
to nearest neighbor
shrub
Percentage of model
cells visible
Percentage of body
exposed to direct
sunlight
*P

Females
Males
Females
Males
Females
Males
Females
Males
Females
Males
Females
Males
Females
Males
All
Females
Males
All
Females
Males
All
Females
Males
All
Bottom
Top
Females
Males
All
Left
Front
Right
Rear
Left
Front
Right
Rear
Left
Front
Right
Rear

17
13
17
13
17
13
17
13
17
12
15
13
33
44
87
33
44
87
33
44
87
33
44
87
148
148
66
77
148
146
146
146
146
149
149
149
149
144
144
144
144
146

843.8
747.1
400.6
387.8
69.0
67.5
86.1
85.8
92.9
87.5
178.5
176.5
23.4
26.4
26.1
10.2
11.6
11.3
3.5
4.3
4.2
931.6
1565.7
1456.8
21.0
123.8
98.7
106.5
102.9
170.3
199.2
203.8
236.2
558.1
590.3
617.0
689.7
5.4%
11.8%
2.8%
1.6%
2.6%

79.7
59.5
16.9
17.6
3.5
3.3
3.5
3.7
10.7
8.8
7.8
10.8
6.1
7.8
7.5
1.5
3.4
3.0
2.2
2.4
2.4
875.8
1453.6
1349.8
10.2
44.1
37.4
47.6
42.6
128.0
165.7
146.0
168.3
325.5
403.6
428.4
498.9
14.8%
28.4%
10.6%
5.2%
5.4%

P = 0.002*
P = 0.156
P > 0.2
P > 0.2
P = 0.190
P > 0.2
P = 0.082
P = 0.019*

P = 0.197
P = 0.035*

P = 0.040*

< 0.05.

There was little variation in the monthly
average height of the bottoms and tops of
canopies over forms for either cottontails (CV
12.9% and 12.8%, respectively) or jackrabbits
(CV 15.0% and 16.7%, respectively). The bottoms of canopies over cottontail forms were on
average lower than over jackrabbit forms (t =
10.419, ν = 346, P < 0.001; Tables 1, 2), as
were the tops of canopies (t = 2.962, ν = 346,
P = 0.004; Tables 1, 2). On average, the bot-

toms of canopies over cottontail forms were
2 cm above the tops of the ears, while over
jackrabbit forms the bottoms of canopies were
22.1 cm above the ears. Canopy depth was
greater over male cottontails than over female
cottontails (t = 2.097, ν = 141, P = 0.040;
Table 1), but not greater over male jackrabbits
than over female jackrabbits (t = 1.840, ν =
159, P = 0.071, Table 2). Depths of canopies
were not different between cottontail and
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TABLE 2. Body dimensions and characteristics of forms of Lepus californicus (black-tailed jackrabbit) in the
Chihuahuan Desert, New Mexico, 2015–2016. Category “All” includes radiocollared females and males, as well as
uncollared jackrabbits of unknown sex. All measurements are in centimeters except for weights.
n
x–
SD
F vs. M
Weight (g)
Total length
Ear length
Hind foot length
Neck circumference
Chest circumference
Form length

Form width

Form depth
Form volume (cm3)

Height of canopy
Depth of canopy

Extent of canopy
over form

Distance from form
to nearest neighbor
shrub
Percentage of model
cells visible
Percentage of body
exposed to direct
sunlight

Females
Males
Females
Males
Females
Males
Females
Males
Females
Males
Females
Males
Females
Males
All
Females
Males
All
Females
Males
All
Females
Males
All
Bottom
Top
Females
Males
All
Left
Front
Right
Rear
Left
Front
Right
Rear
Left
Front
Right
Rear

8
2
8
2
8
2
8
2
8
2
8
2
115
16
190
115
16
190
115
16
190
115
16
190
200
200
137
24
200
204
204
204
204
196
196
196
196
204
204
204
204
204

jackrabbit forms (t = 0.337, ν = 346, P > 0.5;
Tables 1, 2).
Average extents of canopies over forms
were different between left, front, right, and
rear directions for both cottontails (F = 4.557,
ν group = 3, ν error = 580, P = 0.004) and
jackrabbits (F = 7.417, ν group = 3, ν error =
808, P = 0.007; Tables 1, 2). Average extents of
canopies over cottontail forms were lower to
the left of the forms than in the other directions, but average extents to the front, right,

2701.3
2455.0
628.0
633.0
130.3
131.5
131.0
125.0
134.1
133.5
310.6
302.0
46.2
46.1
46.1
14.9
15.8
14.8
5.5
6.2
5.9
4607.5
4546.6
4706.8
35.7
140.4
101.3
121.9
104.6
161.4
147.9
157.9
200.4
576.4
648.4
650.1
639.2
31.0%
48.8%
25.1%
3.9%
3.2%

233.8
32.8
3.3
5.7
14.4
17.0
10.3
12.1
11.0
3.7
5.6
3.7
3.5
3.1
3.5
4893.6
3369.5
4835.7
14.9
56.4
51.2
45.5
52.7
140.3
112.7
104.0
109.1
423.6
509.0
435.3
417.1
34.4%
42.9%
35.1%
16.1%
5.4%

P = 0.962

P = 0.506

P = 0.397

P = 0.962

P = 0.071

and rear of forms were not different. Average
extents of canopies over jackrabbit forms were
higher to the rear of the forms than in the
other directions, but average extents to the
left, front, and right of forms were not different. Average extent of canopies to the left of
forms was not different between cottontails
and jackrabbits (t = 0.550, ν = 347, P > 0.05)
but was greater for cottontail forms than for
jackrabbit forms to the front (t = 3.396, ν =
347, P < 0.001), right (t = 3.371, ν = 347, P <
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Fig. 1. Depths of Sylvilagus audubonii (desert cottontail) forms by month in the Chihuahuan Desert, New Mexico,
2015–2016.

Fig. 2. Depths of Lepus californicus (black-tailed jackrabbit) forms by month in the Chihuahuan Desert, New Mexico,
2015–2016.

0.001), and rear (t = 2.452, ν = 347, P =
0.015; Tables 1, 2).
Average distances from forms to nearest
neighbor shrubs were not different between
left, front, right, and rear directions for both
cottontails (F = 2.671, ν group = 3, ν error =
592, P = 0.095) and jackrabbits (F = 1.203,
ν group = 3, ν error = 780, P > 0.5; Tables 1,
2). Average distances from forms to nearest
neighbor shrubs were not different between
cottontails and jackrabbits in any direction
(left: t = 0.439, ν = 343, P > 0.5; front: t =
1.146, ν = 343, P = 0.268; right: t = 0.703,
ν = 343, P = 0.486; rear: t = 1.021, ν = 343,

P = 0.330; Tables 1, 2). However, median open
space surrounding jackrabbit forms (median =
89.7 m2, n = 195) was greater than median
open space surrounding cottontail forms
(median = 73.8 m2, n = 148; cc2 = 3.262, ν =
343, P = 0.001).
The annual average percentages of the
body exposed to direct sunlight while rabbits
were in forms were small for both cottontails
and jackrabbits (Tables 1, 2), and there was no
difference between the 2 leporids (t = 1.663,
ν = 348, P = 0.098). Seasonally, cottontails
were observed to have a peak of exposure in
September and October, whereas jackrabbits
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Fig. 3. Monthly observed numbers of Sylvilagus audubonii (desert cottontail) and Lepus californicus (black-tailed
jackrabbit) diurnal resting sites at which no form was dug (zero-depth forms) in the Chihuahuan Desert, New Mexico,
2015–2016.

Fig. 4. Orientation of forms of Sylvilagus audubonii (desert cottontail) relative to shrubs by hour of the day in the
Chihuahuan Desert, New Mexico, 2015–2016. North, northeast, east, and southeast orientations, and northwest, west,
southwest, and south orientations were combined into the 2 categories “east” and “west,” respectively.

showed little monthly variation in exposure
(Fig. 6).
Average percentages of model cells visible
(m) were different between left, front, right,
and rear directions for both cottontails (F =
8.856, ν group = 3, ν error = 572, P < 0.001)
and jackrabbits (F = 68.345, ν group = 3,
ν error = 812, P < 0.001; Tables 1, 2). For cottontails, mfront = mleft > mright = mrear . For
jackrabbits, mfront > mleft = mright > mrear .
Jackrabbits were more exposed than cottontails to the left (t = 9.128, ν = 346, P < 0.001),

front (t = 9.259, ν = 346, P < 0.001), and
right (t = 8.548, ν = 346, P < 0.001), but not
to the rear (t = 1.333, ν = 346, P = 0.08;
Tables 1, 2).
The distribution of shrub species at forms
was not the same between cottontails and
jackrabbits (c2 = 68.7, ν = 7, P < 0.001, Table
3). More jackrabbit than cottontail forms were
found under L. tridentata (c2 = 25.924, ν = 1,
P < 0.001) and R. microphyllum (c2 = 35.507,
ν = 1, P < 0.001). More cottontail than jackrabbit forms were found under A. canescens
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Fig. 5. Orientation of forms of Lepus californicus (black-tailed jackrabbit) relative to shrubs by hour of the day in the
Chihuahuan Desert, New Mexico, 2015–2016. North, northeast, east, and southeast orientations, and northwest, west,
southwest, and south orientations were combined into the 2 categories “east” and “west,” respectively.

Fig. 6. Percent of body exposed to direct sunlight by month for Sylvilagus audubonii (desert cottontail) and Lepus
californicus (black-tailed jackrabbit) in the Chihuahuan Desert, New Mexico, 2015–2016.

(c2 = 6.700, ν = 1, P = 0.10) and grasses (c2
= 7.348, ν = 1, P = 0.007). The distributions
of shrub species at forms and at the study area
were different for both cottontails (c2 = 56.1,
ν = 7, P < 0.001) and jackrabbits (c2 = 188.2,
ν = 7, P <0.001). Cottontails located forms
under R. microphyllum and A. canescens more
and under L. tridentata and grasses less than
those plants were found in the study area (c2
= 50.2, ν = 3, P < 0.001). Jackrabbits located
forms under R. microphyllum more and under
grasses less than those plants were found in
the study area (c2 = 178.2, ν = 3, P < 0.001).

The average number of shrub species found at
cottontail forms (x– = 2.27, SD = 1.10, n =
162, range 1–5) was greater than at jackrabbit
forms (x– = 1.98, SD = 102, n = 236, range
1–6; t = 2.676, ν = 396, P = 0.008).
Horizontal plant coverage was different
between the vicinity of forms and the overall
study area for all transect categories (cottontails: 0–10 m, −N(Λ) = 27.011, P < 0.001; 10–
20 m, −N(Λ) = 34.495, P < 0.001; 0–20 m,
−N(Λ) = 27.720, P < 0.001; jackrabbits: 0–10 m,
−N(Λ) = 52.620, P < 0.001; 10–20 m, −N(Λ)
= 52.084, P < 0.001; 0–20 m, −N(Λ) =
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TABLE 3. Percentages of forms of Sylvilagus audubonii
(desert cottontail) and Lepus californicus (black-tailed
jackrabbit) found under shrub species in the Chihuahuan
Desert, New Mexico, 2015–2016. “Combined” includes
shrubs which were found at <3% of forms (see text for
list). Shrub species are in order of most common to least
common.
Taxon
Larrea tridentata
Prosopis glandulosa
Rhus microphyllum
Ephedra trifurca
Atriplex canescens
Flourensia cernua
Grass
Combined
*P

Sylvilagus
audubonii (%)

Lepus
californicus (%)

12.8
23.4
9.0
6.3
15.0
10.6
16.1
6.8

23.8*
17.8
21.6*
3.9
6.6*
12.4
7.1*
6.9

< 0.01.

50.446, P < 0.001). In the vicinity of cottontail
forms, P. glandulosa, R. microphyllum, and
F. cernua were more common than in the
overall study area; grasses and barren ground
were less common; and L. tridentata and A.
canescens were neither more nor less common
(Table 4). Results for E. trifurca and shrubs in
the combined category were mixed between
the 3 cottontail categories. In the vicinity of
jackrabbit forms, L. tridentata and R. microphyllum were more common than in the overall study area; A. canescens, F. cernua, and
grasses were less common; and E. trifurca
was neither more nor less common (Table 4).
Results for P. glandulosa, combined shrubs,
and barren ground were mixed between the
3 jackrabbit categories.
DISCUSSION
Differences of form structure and location
between male and female cottontails and between cottontails and jackrabbits consistently
reflected differences of body size, physiology
and predator avoidance strategies. In general,
body weight correlates negatively with metabolic rate (White and Seymour 2003), and
Katzner et al. (1997) reported that weight was
a more significant determinant of metabolic
rate than sex in pygmy rabbits (Brachylagus
idahoensis). To my knowledge, male and
female cottontail metabolic rates have not
been directly compared, but because of their
greater weight, female cottontails likely have
lower metabolic rates than males, and would
thus be more tolerant of high temperatures
than males. The lower tolerance of males

TABLE 4. Comparisons of horizontal coverage of
shrubs, grass, and barren ground between the study area
and within 0–10 m, 10–20 m, and 0–20 m of forms of
Sylvilagus audubonii (desert cottontail) and Lepus californicus (black-tailed jackrabbit) in the Chihuahuan
Desert, New Mexico, 2015–2016. The symbols “>,” “<,”
and “0” indicate that shrub coverage at forms was
greater than, less than, or not significantly different than
study area shrub coverage at a = 0.05. “Combined”
includes shrubs which were found at <3% of forms (see
text for list).
Taxon
Sylvilagus audubonii
Larrea tridentata
Prosopis glandulosa
Rhus microphyllum
Ephedra trifurca
Atriplex canescens
Flourensia cernua
Grass
Combined
Barren ground
Lepus californicus
Larrea tridentata
Prosopis glandulosa
Rhus microphyllum
Ephedra trifurca
Atriplex canescens
Flourensia cernua
Grass
Combined
Barren ground

0–10 m

10–20 m

0–20 m

0
>
>
>
0
>
<
0
<

0
>
>
0
0
>
<
<
<

0
>
>
0
0
>
<
0
<

>
0
>
0
<
<
<
0
<

>
<
>
0
<
<
<
<
>

>
<
>
0
<
<
<
0
0

correlates with the fact that males dug larger
forms than females, thereby accessing larger
surface areas with lower temperatures than
found at ground level, as well as the fact that
depths of canopies over male cottontail forms
were greater than canopy depths over female
cottontail forms, thus providing more thermal
insulation to males. These observations indicate that male cottontails are less tolerant of
high temperatures than females and that
males made greater efforts to avoid heating
than female cottontails.
Both cottontails and jackrabbits responded
behaviorally to temperature variation, but cottontails exhibited the larger response. The
depth of cottontail forms varied throughout
the year with maximum depths in summer,
whereas jackrabbit form depth did not vary
seasonally. Cottontails had fewer zero-depth
forms in summer than in other seasons,
whereas jackrabbits showed no such pattern.
Also, cottontails dug burrows during peak
temperatures in summer, but jackrabbits did
not. Jackrabbits have been observed to dig burrows only when temperatures exceed 42 °C
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(Costa et al. 1976), which did not occur during
periods of observation in this study. (It is noteworthy that the jackrabbits observed by Costa
et al. [1976] were captives. They may have
been experiencing captivity-induced hyperthermia, which would have lowered the ambient temperature at which they began digging
burrows below the temperature at which freeranging jackrabbits would have begun burrowing.) These observations indicate that
cottontails are more sensitive to heat than
jackrabbits, in agreement with a metabolic
study by Hinds (1970).
Burrowing is potentially dangerous for both
species as it impedes their ability to escape
predation, and, in this study, appears to occur
only when physiological thermoregulatory
mechanisms begin to fail. Because cottontails,
in comparison with jackrabbits, occupy thicker
habitats (Sosa Burgos 1991, Brown and Krausman 2003), are smaller, and are more inclined
to hide from predators, cottontails may be able
to use burrows more safely than jackrabbits,
which may in turn allow cottontails to survive
high temperatures without more extensive
physiological adaptation. In contrast, jackrabbits, being larger and less able to hide, rely
upon physiological adaptations to cope with
heat to a greater extent than cottontails. In
other areas, cottontails use burrows more
frequently and presumably for reasons other
than avoiding heat (Orr 1940). In Pennsylvania, Althoff et al. (1997) observed S. floridanus
(eastern cottontail) using burrows frequently
when temperatures were <0 °C, but those
temperatures were not encountered during
daytime in this study.
I only rarely found more than one form in a
given patch of shrubs, implying that leporids
moved to a different patch when shifting from
west to east after 12:00. Costa et al. (1976)
also reported that captive jackrabbits moved
between forms to access greater shade as
needed. Activity by both species during daytime is very limited (Harrison in press) and
may consist only of relocating in response to
temperature or disturbance. Future research
utilizing more frequent monitoring during
daytime would be of interest to the issue of
form shifting.
Form microsite selection was strongly influenced by escape strategy. Most cottontail
forms were located in the centers of patches of
shrubs, which would have provided decreased
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visibility to predators as well as greater protection from predators. In contrast, most jackrabbit forms were located on the peripheries
of patches of shrubs, enabling jackrabbits to
run more easily from predators. When in
forms, jackrabbits were more visible to predators than cottontails in all directions except to
the rear. Brown and Krausman (2003) also
reported that jackrabbits were more visible
than cottontails. In this study, both species
faced outward away from the base of shrubs
and thus oriented least visibility to the direction in which they were least able to see.
Although the thickness of canopies over forms
was not different between cottontails and
jackrabbits, both the bottoms and tops of
canopies were higher over jackrabbit forms.
The bottoms of canopies were only a few centimeters higher than the tops of cottontails’
ears, whereas the average bottom of canopies
over jackrabbits’ forms were nearly 20 cm
above their ears. Brown and Krausman (2003)
also reported that the bottoms of canopies
over jackrabbit forms were higher than those
over cottontail forms. These observations are
consistent with the escape strategies of the
2 species, with cottontails choosing close cover
to hide and jackrabbits choosing more open
spaces to be able to get up and run in any
direction. In addition, horizontal canopy coverage was greater around cottontail forms than
around jackrabbit forms, thus providing more
moderate temperatures in the area surrounding cottontail forms, as well as providing protection from predators. This in turn would
reduce cottontails’ need for physiological adaptation to heat.
On the basis of distance to nearest neighbor shrubs, there was no apparent difference
of selection of form sites between cottontails
and jackrabbits. The average distance from
forms to nearest neighbor shrubs was not different between directions for either species
and was not different between cottontails and
jackrabbits in any direction, as also found by
Brown and Krausman (2003). However, there
was more open space around shrubs or
patches of shrubs with jackrabbit forms than
around shrubs or patches of shrubs with cottontail forms. Jackrabbits selected sites that
were more open than those selected by cottontails, which is again consistent with their
escape strategies. Such selection is also consistent with physiological differences between
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the 2 species, as more open areas have more
exposure to direct and indirect sunlight.
Cottontails, but not jackrabbits, exhibited
a bilateral asymmetry in their exposure to
predators. Cottontails were most visible to
predators to the front and left and less visible
to the right and rear. Also, the extent of
canopy over cottontail forms was not different
to the front, right, and rear but was less to the
left. Jackrabbits were most visible to the front,
less but equally visible to the right and left,
and least visible to the rear. Average canopy
extent over jackrabbit forms was not different
between the left, front, and right, but in these
directions canopy extent was less than to the
rear. Extent of canopy was not different
between cottontails and jackrabbits to the left,
but in other directions the extents over cottontail forms were greater than over jackrabbit
forms. This contrasts with the results of Brown
and Krausman (2003), who found no difference in the extent of canopies between jackrabbits and cottontails. Greater visibility and
lesser canopy cover to the left as compared to
the right in cottontails is likely a consequence
of left-right lateralization of brain function in
which the right hemisphere, which receives
input from the left eye, is more efficient than
the left in recognizing and responding to surprising situations such as the sudden appearance of a predator or a conspecific (Vallortigara and Rogers 2005, MacNeilage et al. 2009).
Alternatively, one might predict that cottontails would orient their right side toward
greater visibility to compensate for lesser
efficiency in that direction. It appears here
that cottontails maximize predator detection
efficiency in one direction rather than maximizing average efficiency in more than one
direction. Left-right asymmetry of brain function is common in mammals (MacNeilage et
al. 2009, Proops et al. 2018), so although
jackrabbits likely have the same asymmetry as
cottontails, maximizing the ability to escape
by running to either the left or right apparently outweighs the advantage of greater ability to detect a predator on the left side.
The depths of canopies over forms of both
cottontails and jackrabbits were more than
adequate to prevent direct vertical penetration by aerial predators (Tables 1, 2). To reach
a leporid in a form, an aerial predator would
have to direct at least the last stage of its flight
horizontally, thus exposing itself to detection

to the same extent as ground predators. To
my knowledge, details of flight paths used to
attack leporids under shrubs have not been
reported, but would be an interesting research
topic.
Vegetation structure may be more important than plant species for form site selection,
as proposed by Legler (1970) and Althoff et al.
(1997). Larrea tridentata and R. microphyllum
were used as form sites by jackrabbits more
than cottontails, while cottontails used A.
canescens and grasses more than jackrabbits
did. However, both leporids used R. microphyllum more and grasses less than those
plant categories were found in the study area.
Cottontails used L. tridentata less than it was
available. Brown and Krausman (2003) also
reported that cottontails used L tridentata less
than it was available, but that jackrabbits used
shrubs in proportion to their availability. Larrea tridentata has an inverted cone shape
which is very open near the ground while also
providing shade and overhead cover, ideal for
jackrabbits but not for cottontails (Legler
1970). In contrast, A. canescens tends to have
more branches close to the ground and a
denser canopy, ideal for cottontails. Similarly,
Legler (1970) reported that cottontails elsewhere in the Chihuahuan Desert located forms
more in the hemispherical Krameria erecta
(littleleaf ratany) than in L. tridentata, which
was more available. Legler (1970) further
reported that cottontails cut lateral branches
but not the main shoots, of K. erecta, apparently to improve visibility, although this behavior was not observed in this study. Clumps of
grasses were usually small in my study area
and thus more suited to the smaller cottontail
than the larger jackrabbit. Also, in comparison
to other species in the study area, L. tridentata
and R. microphyllum occurred more often as
individual shrubs rather than in patches of
multiple shrubs, resulting in a larger open
area around these species.
Microsite selection was also influenced by
vegetation in the vicinity of sites through
escape strategy. Cottontails avoided areas of
barren ground and grasses, which provide
good visibility but little cover for hiding or
thermal protection. Jackrabbits chose areas
with more shrub coverage close to forms and
areas of less shrub coverage away from forms,
with the result that within 0–20 m of forms
they did not choose areas of shrub coverage
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different from the overall study area. Jackrabbits apparently selected for concealment and
thermal protection close to forms, as well as
nearby room to run away.
In summary, for cottontails and jackrabbits,
aspects of body size, physiology, and behavior
constitute an ensemble of interconnected
adaptations which greatly influence form and
microsite characteristics through selection of
form dimensions, plant species and structure
at form sites, and habitat in the vicinity of
forms. The ensemble of behavioral and physiological adaptations that each species exhibits
for form selection appears to be quite concordant, with no obvious deleterious trade-offs.
Jackrabbits are large enough to run from predators and choose plant species and structures at
form sites from which they can easily get up
and run. These choices require that they
choose form sites which are more exposed to
ambient heat, but jackrabbits are physiologically adapted to tolerate high temperatures.
Cottontails are too small to run from predators, and instead hide, choosing sites of relatively extensive cover. Extensive cover likely
helps cottontails tolerate temperature extremes,
to which they are not as well adapted as
jackrabbits. Cottontails further adapt to high
temperatures by modifying form structure as
needed.
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